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Abstract: 
Single mode, polarisation independent filters with large free spectral range are basic requirements for optical 
networks. In this paper we discuss (with experimental results) the possibility of establishing such devices upon 
small strip waveguides in silicon-on-insulator (SOI). 
 
Discussion: 
Due to the compatibility with single mode fibre dimensions as well as the possibility of control of polarisation, rib 
waveguides represent promising candidates for integration in SOI. It has been shown that rib waveguides can be 
used to design both polarisation-independent (PI) and single-mode (SM) single ring resonator filters [1]. More 
complex configurations such as multi-stage parallel-coupled and serial-coupled resonators can be employed to 
further adjust the transfer function. For example improvements of the Full Width at Half Maximum (FWHM) have 
been reported in SOI for these devices [2], and the Free Spectral Range (FSR) can be increased by utilising multi-
stage dissimilar resonators. The main limitation for rib waveguide based ring resonators is that the bend radius 
cannot be sufficiently small, (e.g. few microns), to meet the requirements for single ring, large FSR, operation. To 
overcome this limitation more complex, larger and higher loss multi-stage devices have to be designed. Considering 
the importance of the FSR for communication systems, other approaches have also been widely investigated. Strip 
waveguides are often considered as a good choice in this respect, as they allow very small bend radii and hence 
small rings, resulting in large FSR filters with a compact footprint.  
Unlike rib waveguides which can be monomodal even for cross sectional dimensions of several microns [3], it is 
well known that strip waveguide dimensions must be significantly smaller than 1 micron to suppress propagation of 
higher order modes (HOM). Results obtained by 2D simulations (Figure 1) suggest that strip waveguides can be 
multimode even for relatively small dimensions, especially in the case of TM polarisation. Alto gave an 
approximate expression for the single-mode condition for silicon strip waveguides: w × h < 0.13 µm2 [4], where w 
and h are the width and height of the strip waveguide. This condition agrees well with our simulations for the TE 
polarisation but is not sufficiently restrictive for TM polarisation (Figure 1).  
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Single mode condition for strip waveguides - TM mode
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Figure 1. 2D modelling of the single mode condition for strip waveguides. Refractive indices of silicon core and oxide layer 
are taken to be 3.4764 and 1.444 respectively. The dotted line is the upper boundary for SM propagation, whereas the solid 
line represents the bottom edge of the HOM regime. 
 
For a fixed waveguide height of 340 nm, the maximum width can be estimated to be around 500 nm for TE 
polarisation and 300 nm for TM polarisation. Obviously, the TM case imposes the effective limit on the maximum 
width. These results are, however, intended to be guidelines that we have used during the design, because 2D 
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simulations are not as accurate as simulations in 3D. Therefore, it is possible that the single mode condition 
obtained by more rigorous simulations can relax the single mode condition that we have used in this work.  
Preliminary experimental results gave the expected response in terms of the FSR, for the both polarisations, for 
single rings (Figure 2) with the following parameters: height = 290 nm, width  = 340 nm, radius =2 µm, separation 
between the ring and waveguide = 120 nm. Measured values for the FSR were ~ 44 nm and ~ 42.1 nm for TE and 
TM polarisations, respectively. Although the FSR is large, this transfer function is not suitable for devices which 
require polarisation independence, as the difference between the TE and TM peaks is almost 15 nm (Figure 2). 
Moreover, there are additional peaks on the TE transfer function in the region of the TM peaks, possibly indicating 
polarisation conversion, which will be the subject of further investigation.  
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Figure 2. Schematic of a single ring resonator filter (left) and experimental transfer function for 2 µm ring at the drop port 
(right). FSR of 44 nm for TE mode and 42.1 nm for TM mode are measured. The shift between the modes is approximately 
15 nm. 
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Figure 3. Experimental transfer function for 3 µm ring, measured at the drop port. Small 
alteration of the radius and other geometrical parameters has resulted in much smaller 
discrepancy between the TE and TM mode – 1.2 nm. FSRTE = 29.7 nm, FSRTM = 28.1 nm. 
 
However, by optimising the design parameters, it is possible to achieve a nearly PI working regime of the device. 
Figure 3 shows the response of a single ring resonator with a width of 380 nm, a radius of 3 µm and a separation of 
~ 120 nm. The amplitude of the polarisation peaks have been normalised for improved clarity. The measured FSR 
in this case was 29.7 nm for TE, and 28. 1 nm for TM polarisation. The two peaks (TE and TM) are separated by 
only ∼ 1.2 nm. Although small design changes are needed to achieve true PI, this result is very promising, 
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especially taking into account the large polarisation dependence that is typical of the small optical filters based on 
strip waveguides.  
 
Further improvements of the FSR by decreasing the ring radius below 2 µm come at the expense of higher losses. 
Alternative solutions in this case, as in the case of rib waveguides, could be the implementation of multi-stage 
parallel-coupled and serial-coupled resonators of larger radius. An SEM micrograph of a two-level series coupled 
ring resonator is shown in Figure 4. The resonant condition that has to be satisfied is given by 
m×FSR1=n×FSR2=FSR, where m and n are integers, FSR1 and FSR2 are free spectral ranges of the two resonators, 
and FSR is the net free spectral range of the two-level series coupled resonator.  
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Figure 4. SEM of two-level series coupled ring resonator (left) and spectral response at the drop port of a similar 
structure consisted of the racetracks (right). Radii of the racetracks forming the filter are 5 µm and 4 µm, length of 
the directional couplers 5 µm and separation between the couplers approximately 0.12 µm. 
 
Figure 4 shows an experimental measurement for a two-stage racetrack resonator. The spectral response of the TM 
mode at the drop port is given. The inclusion of a second ring has resulted in only a single transparent region 
(around 1.60 µm) within the 100 nm wavelength range (1.53 – 1.63 µm), which means that the device can be 
potentially used as a filter with the FSR of at least 100 nm. As the alignment between the corresponding peaks of 
the two resonators is not ideal, the peak of the two-stage racetrack resonator consists of two isolated peaks (Figure 
4). There are also some unwanted side lobes, which could be eliminated by a modification of the design such as 
cascading one further ring at the drop port of the filter. The main peak could be improved in the same way.  
 
Conclusion: 
The experimental results for the single ring and the second-order racetrack resonator filters based on small strip 
waveguides have been reported and discussed. We have demonstrated that with small device dimensions it is 
possible to maintain single-mode behaviour and achieve large FSR (> 40 nm) for both polarisations simultaneously. 
The alignment between the TE and TM peaks of approximately 1 nm over the 30 nm FSR range was demonstrated 
with 3 µm ring resonators. Possible enhancements of the FSR were discussed through the analysis of the 
experimentally measured transfer function for double Vernier racetrack filter and steps for further improvements 
were proposed. 
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